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Oligocene volcanic rocks--Possible source of uranium
in epigenetic deposits in parts of Chaffee, Park,
and Fremont Counties, Colorado
by
Kendell A. Dickinson and Francis Allan Hills
INTRODUCTION

Uranium deposits of commercial interest have been discovered in the
Tallahassee Creek uranium district about 30 km northwest of Canon City, in
Fremont County, Colorado, in the High Park area about 8 km west of Cripple
Creek, Colorado, and in the Chase Gulch area about 10 km northeast of Hartsel
in Park County, Colorado (fig. 1). The deposits in the Tallahassee Creek
district are found in the upper Eocene Echo Park Alluvium and in the lower
Oligocene Tallahassee Creek Conglomerate. The deposits in the High Park area
are mostly in the Tallahassee Creek Conglomerate and the deposits in the Chase
Gulch area are mostly in the 0ligocene Antero Formation. The Tallahassee
Creek deposits were discussed by MacPherson (1959), and Shappirio and Heinrich
(1961), the deposits at High Park were described by Hon and Dickinson (1980),
and the Chase Gulch deposits were described by Dickinson and Crandall
(1980). There has been much uranium exploration in and around these areas,
especially in the Antero basin.

The purpose of this report is to analyze uranium and thorium data on
volcanic source rocks collected during the National Uranium Resource
Evaluation (NURE) studies of the Pueblo 1 by 2 degree NTMS quadrangle
(Dickinson and Hills, 1980). A discussion of the potential of the Precambrian
crystalline rocks as uranium source rocks is covered in a companion report

(Hills and Dickinson, 1982).
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Oligocene rocks under consideration here are the Wall Mountain Tuff, the
Thirtynine Mile Andesite, the tuff of Stirrup Ranch, the Badger Creek Tuff,
the Antero Formation, the Thorn Ranch Tuff, and the Gribbles Park Tuff (Scott
and others, 1978). Uranium and thorium analyses were made by the delayed-
neutron method (Millard, 1976). A1l analyses were done in the analytical
laboratories of the U.S. Geological Survey. For a few samples that contain a
high uranium relative to thorium, the uranium interferes with the thorium
determination and for these samples only an upper limit for the thorium is
given. In general these samples are enriched in uranium and they are not
included in the calculation of Th/U or other statistics. At some sites,
samples of both apparently-weathered rock and of apparently-fresh rock were
obtained. At other sites the degree of weathering was not recorded during
sample collection.

Most of the samples for this report were collected by Kenneth A. Hon of
the U.S. Geological Survey, and by Larry Smith of Gulf Resources Inc,

DISCUSSION

Uranium and thorium react in a similar fashion in magmatic environments
but become separated in oxidizing near-surface environments because uranium
has a hexavalent state and thorium does not. The hexavalent state allows
uranium to become mobile as the uranyl ion, U02=, in oxidizing conditions such
as surface weathering environments. Volcanic rocks, especially felsic tuffs,
commonly have lost uranium by leaching during weathering and are believed to
be the source of uranium for many ore bodies. Thorium, on the other hand,
generally is believed to remain nearly constant during the leaching process
and if the original Th/U is known or can be approximated, the original uranium
content of a Teached rock can be estimated. In general, a volcanic rock with
a higher than normal Th/U has probably lost uranium and may have served as a

uranium source rock.




The greatest source of uncertainty in estimating uranium loss from leached
volcanic rocks is in estimating the average Th/U in the original unleached
material. In order to estimate probable uranium loss an original average Th/U of
2.9 has been assumed in this report. This ratio is used because R. A. Zielinski
(unpub. data) found an average Th/U ratio of 2.9 in 28 glass separates and glassy
air-fall ash samples from the Oligocene White River Formation in Wyoming (table
1). The glassy samples are believed to be unleached and they are approximtely
the same age as samples evaluated in this report. Other analyses of unleached
volcanic rocks (cited below) support this choice of original Th/U. The average
uranium content of 88 samples of 0Oligocene volcanic rock from this report area is
5.8 ppm and the average thorium content is 29.4 ppm. Based on these figures and
an assumed original average Th/U of 2.9, the calculated average uranium loss is
about 4 ug/g. Not all the units, however, have lost uranium equally as discussed
below.

R. A. Zielinski (unpub. data) also reported Th/U ranging from 3.1 to 3.5
from other groups of Cenozoic vitreous samples. K. J. Wenrich (unpub. data)
reported an average Th/U of 2.8 for 32 rhyolitic samples and 2.9 for 51 andesitic
samples from the 2-million year old San Francisco volcanic field located on the
southern margin of the Colorado Plateau. The weathered condition of these
samples, however, was not reported. The average Th/U for the continental crust
reported by Rogers and Adams (1978) is 3 to 4. One vitrophyric sample of
O0ligocene Wall Mountain Tuff from the Tallahassee Creek area has a Th/U of 4
(table 2). There is a considerable range in Th/U of individual samples, and one
sample is insufficient as the basis for a reliable estimate for a rock
formation. R. A. Zielinski (unpub. data) for instance, reported a range of 1.9
to 4.2 in the White'River samples (table 1). In 7 samples of tuff deposited

within the lacustrine Antero Formation, the average Th/U is 2.5 (table 5). These




samples are probably not Teached because they were deposited in a chemically
reducing lake sediment environment. This ratio is not used, however, as the
basis for uranium loss calculations because of the possibility that some of these
samples were slightly enriched in uranium.

Uranium enrichment in some of the volcanic rocks is an additional problem.
These enriched rocks can generally be recognized by their low Th/U, commonly less
than one, or by their mineralogy. They may contain iron oxides or opal deposited
in association with uranium enrichment. In addition, their high uranium content

may be a clue.
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WALL MOUNTAIN TUFF

The Wall Mountain Tuff is a reddish-brown to yellowish-gray rhyolitic ash-
flow tuff that is moderately to strbng]y welded and contains crystals of glassy
sanidine and argillized plagioclase. It originated during the early 0ligocene
somewhere west of the Tallahassee Creek uranium district, perhaps near Salida or
Mt. Aetna (Epis and others, 1976), and it flowed widely over a late Eocene, low-
relief, erosion surface. The tuff extended as far northward as Castle Rock,
Colorado, and as far southward as the north end of the Wet Mountain Valley (Scott
and others, 1978; Bryant and others, 1978).

The Wall Mountain Tuff was apparently a major source of uranium found in the
deposits in the Tallahassee Creek uranjum district and in the Antero basin and
Chase Gulch areas in central Colorado. This conclusion is based on three lines
of evidence:

(1) The Wall Mountain Tuff lies beneath the Tallahassee Creek Conglomerate

and above the Echo Park Alluvium, the two primary uranium host rocks in the
Tallahassee Creek district.

(2) Several potential uranium host rocks contain uranium occurrences where
they were overlain by or probably were overlain by the Wall Mountain Tuff.
These occurrences are found along the foothills in the area from Canon City
to Morrison in Colorado (fig. 1), along the west side of the Denver basin in
the up-turned edges of Paleozoic and Mesozoic host rocks, and in Paleocene
rocks to the east in the central part of the basin (Hills and others, 1980;
and Dickinson and Hills, 1980). A1l of these rocks cropped out along the
late Eocene erosion surface (Granger, and Dickinson, 1980).

(3) Based on the average thorium content (41.9 ppm, tables 1 and 2) of the
Wall Mountain Tuff and an assumed original Th/U of 2.9, the original uranium

content was about 15 ppm. The present average uranium content of the tuff is

A




7.6 ppm, suggesting a uranium loss by leaching of about 7 ug/g.

Disregarding the sample numbered 425, which was probably enriched in uranium
only sample 407 has lost no uranium if its original Th/U is assumed to be 2.9
(figs. 2 and 3). Three additional samples, however, (numbers 350, 428, and 500)
fall within the rahge of Th/U of the White River glassy samples reported by R. A,
Zielinski (unpub. data) (table 1). These data suggest that only 4 of 27 samples
may have remained unleached. Some of the samples that have a fresh appearance,
such as samples 378 and 422 apparently lost considerable uranium.

The Wall Mountain Tuff, based on its probable original uranium content, its

+ degree of leaching, and its widespread occurrence, was probably the most

important volcanic uranium source in the report area.
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Table 2.--Uranium and Thorium data for samples of the Wall Mountain Tuff

Sample Uranium Thorium Th/U Field comments
Number (ppm) (ppm)
Fresh appearance
350 11.5 48.5 4.2 Moderate to densely welded tuff
378 6.4 47.3 7.4 Fresh tuff, limonite on fractures
407 10.3 27.0 2.6 Fresh tuff
42?2 5.8 45.3 7.8 Fresh unweathered tuff
475 10.2 49.2 4.8 Boulder of Wall Mountain
Tuff in Tallahassee Creek
Conglomerate, fresh
500 10.9 43.8 4.0 Vitrophyre
Weathered appearance
351 7.2 54.1 7.5 Partially weathered, moderately welded
3562 6.4 50.5 7.9 Weathered tuff
353 6.6 40.7 6.2 Bleached weathered tuff
379 6.3 50.6 8.0 Bleached weathered altered tuff
380 6.3 48.2 7.7 (replicate sample of above)
404 5.0 44.6 8.9 Weathered tuff in float
405 5.7 43.0 7.5 Partially weathered tuff
406 7.3 40.2 5.5 Weathered tuff
423 6.6 44.41 6.7 Weathered tuff
425 49.9Y/ <15.0L/ <0.3Y/ Brecciated silicified tuff
429 8.7 43.8 5.0 Weathered tuff
446 4.3 16.2 3.8 Highly weathered tuff
501 7.6 34.0 4.5 Devitrified tuff
Weathered appearance unknown
428 11.3 41.5 3.7
498 3.6 19.0 5.3 Distal tuff capping mesa
499 5.6 33.6 6.0 Distal tuff capping mesa
509 10.8 44,5 4.1
510 10.5 44.6 4.3
511 9.5 45.6 4.8
512 7.9 42.0 5.3
531 6.3 44.2 7.0
532 6.5 44.3 6.8
Overall
Average 7.6 41.9 5.8

l/Not included in average

11



LOWER MEMBER OF THE THIRTYNINE MILE ANDESITE

The Tower member of the Thirtynine Mile Andesite consists mostly of dark-
colored Taharic breccias and lava flows derived from local vents marked by small
breccia cones. Non-vescicular pyroxene andesite is the most common petrographic
type (Epis and Chapin, 1974). The unit covers much of northwestern Fremont
County and southwestern Park County.

The Tower member of the Thirtynine Mile Andesite was probably not a major
source of uranium for the deposits in Park and Fremont Counties because the unit
apparently had a Tow original uranium content. Nine samples averaged 10.3 ppm
thorium and 1.8 ppm uranium giving an average Th/U of about 6.0 (tables 1 and
3). Based on its average thorium content of 10.3 ppm and using an assumed
original Th/U of 2.9, the original uranium content would have been about 3.6 ppm
(tables 1 and 3). The average uranium content of the samples collected for this
report is 1.8 ppm suggesting a uranium Toss of a little less than 2 ug/g. If,
however, the Th/U is considered on an areal basis, it can be seen that the Th/U
is higher in the vicinity of the Tallahassee Creek uranium area and more
extensive leaching may have occurred at that locality (table 3, fig. 5). None of
the samples of the andesite had a Th/U of 2.9 or less, and only one sample,
number 395 fell below R. A. Zielinski's (unpub. data) upper limit of 4.2 for the

Oligocene glassy samples (fig. 4).

12
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TUFF OF STIRRUP RANCH

The tuff of Stirrup Ranch is a rhyolitic ash-flow that is interbedded with
the Tower member of the Thirtynine Mile Andesite and that at one Tlocality in the
Tallahassee Creek area Ties directly on the Tallahassee Creek Conglomerate.
Lithologically and chemically the unit is indistinguishable from the Wall
Mountain Tuff (Epis and Chapin, 1974).

The average thorium content of the samples from the tuff of Stirrup Ranch is
30.8 ppm (tables 1 and 4). Using this thorium content and an assumed average
original Th/U of 2.9 the average original uranium content should have been about
10.6. The average present uranium content of the samples is 5.8, suggesting a
uranium loss of about 5 pg/g. One sample, number 430, has a Th/U of 2.5 and
probably is not leached. The Th/U of two other samples is below 4.2 and also may
not have been leached (figs. 5 and 6).

The tuff of Stirrup Ranch samples were collected from two localities that
differ in their uranium and thorium contents (fig. 6). In the samples from
locality 2, the thorium content averages about 40 ppm, about twice that from
locality 1. Uranium in samples from locality 2 is also about twice that for
samples from locality 1. The Th/U are nearly equal for the two groups,
suggesting that the degree of leaching is also nearly equal. Rocks at the two
localities may not have been derived from the same eruption or from the same
cooling unit.

The limited geographic extent of the tuff of Stirrup Ranch is the greatest
limitation to its potential as a source rock. In the Tallahassee Creek district,
however, it is present in a small belt of outcrops that extends from the junction
of North and Middle Tallahassee Creeks northward along the west margin of the
Echo Park graben for about 17 km. The tuff may have been a substantial source in
this area, especially where it was in direct contact with the underlying

Tallahassee Creek Conglomerate.
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Figure 6,--Graph showing uranium and thorum in tuff of Stirrup Ranch,
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BADGER CREEK TUFF AND ANTERO FORMATION

The Badger Creek Tuff is dominantly a latite that contains abundant biotite,
andesine, and hornblende crystals mixed with light-colored pumice lapilli. The
Antero Formation is predominantly lacustrine sediment, but it also contains ash-
flow tuff that flowed into the lake basin. This tuff is equivalent in age and
lithology to the Badger Creek Tuff (Epis and Chapin, 1974) or the lower member of
the Thirtynine Mile Andesite (Scott and others, 1978). The Antero samples
included in this study are samples of the ash-flow tuff,

The Badger Creek Tuff is a compound cooling unit consisting of several ash
flows that locally contain densely welded vitrophyre (Epis and Chapin, 1974). In
the Castle Rock Gulch paleovalley, which extends northeastward from Castle Rock
Gulch (fig. 8), the Badger Creek Tuff is described by L. B. Smith (unpub. data)
as a nonwelded andesitic ash-flow tuff. He describes the Badger Creek Tuff in
the Salida-Waugh Mountain paleovalley as a welded to nonwelded dacitic ash-flow
tuff. Different uranium and thorium contents in the Castle Rock Gulch and
Salida-Waugh Mountain areas (fig. 7, table 5) probably reflect the different
1ithologic compositions and different degrees of leaching. Samples from Castle
Rock Gulch average 2.3 ppm uranium and 13.4 thorium. For the Salida-Waugh
Mountain area, uranium averages 6.4 ppm, more than twice as much as samples from
Castle Rock Gulch, and thorium averages 19.2 ppm U. The difference apparently
results from the higher original uranium content of the Salida-Waugh Mountain
samples and the greater leaching of the Castle Rock Gulch samples (Dickinson,
1980). Based on an assumed original average Th/U of 2.9, the Castle Rock Gulch
samples have lost about 2 g/g and the Salida-Waugh Mountain samples have only

lost about 0.2 g/g.
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The uranium and thorium contents of the Antero Formation samples (fig. 7,
table 5) vary widely, but based on an assumed average Th/U of 2.9, none of the
samples has been leached of uranium. Excluding sample 568 (table 5) which
appears to be slightly enriched in uranium, the average Th/U is 2.2. The thorium
content, again excluding the enriched sample, averages 13.1 ppm suggesting that
the Antero samples are more closely related to the Badger Creek Tuff of Castle
Rock Gulch, which averages 13.4 ppm thorium, than to the Badger Creek Tuff from
the Salida-Waugh Mountain paleovalley which averages 19.2 ppm thorium. The
unleached condition of the tuff deposited in the lake basin suggests that the
geochemical conditions in the lake, probably a chemically reducing environment,
were not conducive to leaching and that the source for uranium deposits in the
lake sediment was external to the lake.

GRIBBLES PARK TUFF, THORN RANCH TUFF, AND EAST GULCH TUFF

The Gribbles Park Tuff, the Thorn Ranch Tuff and the East Gulch Tuff are
associated in age and geographical distribution and they have not been separated
in mapping (Scott and others, 1978). The East Gulich Tuff is the oldest and the
Gribbles Park Tuff is youngest at 29 million years. They crop out around the
southern end of the Antero basin, around Waugh Mountain, and in the vicinity of
the southern end of the Echo Park graben (fig. 10). No samples were collected
from the East Gulch Tuff.

Gribbles Park Tuff.--According to Wobus, Epis, and Scott (1979) the Gribbles

Park Tuff consists of "gray, brown, red, or orange welded to nonwelded rhyolitic
ash-flow tuff characterized by chatoyant sanidine, bronze-colored biotite, and
dark-brown or gray lithic fragments." The source of the flow is unknown but the
Bonanza volcanic field, to the west, has been suggested as a possibility.

The average uranium content of the Gribbles Park Tuff based on 6 samples is

7.5 ppm and the average thorium content is 49.9 ppm (tables 1 and 6). Based on
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an assumed average original Th/U of 2.9, these data suggest that the original
uranium content of Gribbles Park Tuff was about 17 ppm and that it has lost about
9 ug/g of rock. The unit appears to have been an important local source for that
element. The greatest limitation on the Gribbles Park Tuff as an important
uranium source may be its restricted areal distribution.

Thorn Ranch Tuff.--The Thorn Ranch Tuff is a reddish-brown to pinkish-white,

welded to non-welded ash-flow tuff of rhyolitic composition. The tuff contains
pink and white pumice, igneous and metamorphic rock fragments, and phenocrysts of
sanidine, plagioclase, quartz, and biotite (Epis and Chapin, 1974). According to
Wobus, Epis, and Scott (1979) the source of the Thorn Ranch Tuff may have been
the San Juan volcanic field (fig. 1).

Thorn Ranch Tuff samples fall into two groups based on the thorium and
uranium contents and on Tlocality (fig. 9, 10). The first group of samples was
collected near the confluence of North, Middle, and South Tallahassee Creeks, and
the second group was collected 6 to 9 km north of the first group along
Cottonwood Creek (fig. 10). The first group consisted of 7 samples; numbers 431,
432, 433, 451, 452, 453, and 454; and the second group consisted of only 2
samples; numbers 442 and 443 (table 6). The first group of samples averaged 20.6
ppm thorium, and assuming an average original Th/U of 2.9 it had an original
uranium content of about 7 ppm. The present uranium content averages about 4
ppm, suggesting a loss of about 3 pg/g. The second group, of only two samples,
averages 55 ppm thorium, suggesting an original uranium content of 19 ppm. These

two samples average about 9 ppm uranium, suggesting a loss of about 10 ug/g.

24



8°9 6°6% St sabeaaay
(14ed saddn)
3403 MOL4-yse 2131 |0Aya paplam K|asuap

03 A|93ed3pow ‘Aeub-ysippas pue Aeub-unipay LS v°0t |82 955 IAW
(34ed aaddn) j4yn3

Moy yse d13L|0kys pap|am K| 3suap Keab-wnipay 2°9 Lty 2L §5G JOW
3403 MOLJ-yse 213L10Ays d13se|d

-0J31A “PaljLJILA3D “pap|amM A|asuap paJ-yJeq 0°9 9°¥S "6 ¥5S 30W
(34ed 4aMOL) jsn3 MO|J-yse

I13L10Ayd DLISR[I04LA PAp|amM A|asuap ‘uef L8 8°LS L°9 €65 I0W
(34ed atppiw) yyn3 MOLy-yse 313 L10kyd

patjLaltaap AL3ybL(s ‘pap(am Ajasuadp aldung L9 8°St 6°9 255 JOW
(1Jed a|pplw) yym

Mo[3-yse dL3L|okys pap|am K| asuap ‘Keub 03 juid €L 1°95 "L 1S5 I0W

4301 daed $91qqL49

9°§ £°82 €°S sabedany

4403 pap(em £|3eJapw 03 AlJood L0 L°s2 vz ¥Sv QW

4403 pap(am £|33eJ43pOy L't 6°81 (1 €Sy IAW

4403 pasayjeay L€ £°81 6y 25y IGW

4303 pap(am A|3asusg £t L°61 9y ISt I0W
s|eJaulw aseyd JodeA pasalle YItM

adcuund Buiuiejuod ‘44n3 pap|am ‘pasayieam L(3ueqd 2'9 0°tS L8 £by W
3303

YoLs auipilues “paplam LLasuap ‘padsayieam Auap 2°9 0°96G 1°6 2% AW
s|esauiw aseyd sodea pue sjuawbeay

9ownd bujulejuod “3yny pap(am A|3jeJapoy LS 0°22 6°€ €€V 3IAW
sjuawbedsy oiwnd

sulejuod ‘jyn3 pap(am Kluood 03 A|33eJ3poy 6°t 0°61 6°€ 2eh 3aW
sjuawbedy 3diwnd

SULBIUCD “J4N3 2131|NJ3YdS ‘uMOJG-wNLpIY 9'¢ 8°02 8°g 1€ 30W

43NL youey udoyy
(wdd) (wdd) Jaquny
S3UaWWoY) n/ui wnpJaoyg wnjuedn 3| duwes

4401 WJed '$319qL49 mcw w»:w ysuey UJOY] IY3 JOJ BIBP WNEJOY] PuB WNiueI--°g 3|qe]

Xe]
(9]




‘(@) 44NL dded SILqQL4Y Byl pue (O) NI Youry UJOY]L dY3 JO SIL3L|ed0| d|duwes--*QT 34nbi4

ALIDE N o’ o )
NOANYD ./....\...\N gey vav-LSY ~
T o NHO4°0S o€ 8¢
NO ( " varvsd
FASSYHVTIVL "y Nz 404 310aIW !
TN, MY . . n\\
\. ./.. .I./..K.mou ON V
\ .. % 965-vSS® ¢
K ’ . .
. | MRS £98 ™)
=7 02 ¥3IN3IL | \ . ~mmhﬁumm \
L__ 09 INOW3yd 4 _ s
[ 00 duvd
] 4VG/
1+ ¥334om _ 2\
31ddI4D _ AN
=3 !
ro _
v _ 1
o _
o_w [
o _
o_ ]
! )
_ MHVd _
| gNVIQOOM, ! _
1 1
SOL St ,0€

27



As is true of other rocks evaluated in this report, Th/U of the samples do

not appear to correlate well with their apparent state of weathering. The

uranium content and the Th/U seem to be more related to location and perhaps to

stratigraphic position.

SUMMARY AND CONCLUSIONS
A1l of the volcanic rocks in the report area probably contributed uranium to
mineralizing fluids, but some of the rocks apparently were more important
contributors, because (1) they originally contained more uranium, (2) they
were leached to a greater degree, and (3) they were distributed over a wider
area. The most important unit is thought to be the Wall Mountain Tuff,
because it probably had an original uranium content of about twice the
average for silicic tuff, it was strongly leached, and it is widespread.
Other units that could have contributed significant uranium are the Gribbles
Park Tuff, the Thorn Ranch Tuff and the tuff of Stirrup Ranch, although these
units have a very limited distribution. The lower member of the Thirtynine
Mile Andesite probably was not a significant uranium source because of its
Tow original uranium content. The Badger Creek Tuff seems to have been a
significant source of uranium only in the Castle Rock Gulch paleovalley,
where it is strongly leached even though its original uranium content there
was probably low. In the Salida-Waugh Mountain paleovalley and in the Antero
basin where tuff equivalent to the Badger Creek forms part of the Antero
Formation, the tuff was apparently not leached. A companion report (Hills
and Dickinson, 1982), concludes that 1400 m.y. old Silver Plume Granite
adjoining the Tallahassee Creek area contains leachable uranium and may have
contributed uranium to deposits in that area.
The data in this report, although somewhat Timited, suggest that the degree

of Teaching of a given volcanic unit varies geographically. These variations
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may result from the variable chemical character of the leaching fluid and
from the variable quantities of water that flowed through each volume of
rock. The quantity of water moving through the rock varies with paleo-
hydrostatic head and with permeability, which depends mainly on the texture
of the rock, and on its degree of welding. These characteristics may vary
with stratigraphic position in the unit. Paleo-variations in leachate
chemistry are impossible to determine.

The weathered appearance of the rock does not seem to be a good indicator of
its leached state with regard to uranium. The Th/U ratio appears to be a
better indicator. If samples are divided into leached and non leached on the
basis of weathered appearance, the weathered group may have only slightly
less uranium and a slightly higher Th/U. If, on the other hand, the leached
group is determined on the basis of its high Th/U it will also contain
significantly less uranium.

Vertical trends on the uranium-thorium graphs (figs. 2, 4, 6, 7, 9) result
from greater variability in the uranium contents than in the thorium
contents. This variation probably results uranium loss by varying degrees of

leaching.
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